Abstract: The work focused on the elemental and physicochemical analysis in the textile waste (Effluent and
INTRODUCTION
Environmental pollution has been increasing simultaneously with increasing industrial revolution in Bangladesh. Savar industrial region is one of the largest industrial belt near Dhaka in Bangladesh. In this region there are about 100 local and foreign industries from which majority are foreign and local textiles and dyeing industries. These industries generate a huge amount of effluent every day which are being directly or indirectly discharged into the surrounding land, agricultural fields, irrigation channels and surface water which finally enter into the river. Due to such kind of environmental pollution a large number of village near to this industrial zone are being threatened [1] . A huge amount of fresh water used for Dyeing and finishing processes in the textile sector. Textile industry contributes large quantities from the total industrial pollution because mass volume of effluents is discharged into the natural environment. Moreover effluent is generated after dyeing and finishing activities must be treated by an addition of chemical, physical and biological treatment before discharge to meet legislative requirements. Furthermore, after the dyeing processes, advanced technologies are needed, especially in order to reduce residual dyes from the effluent [2] . Various types of Effluent treatment plants (ETP) are used in the complex industrial installations like DEPZ, Bangladesh for effluent discharge by regulatory bodies. Although we have ETP in different industries but a little amount don't know about the physicochemical properties and no stringent policies along with exercise of the effluent discharge is present in this country. The implementation of membrane technologies have been associated with most of the earlier studies depending upon the basis of laboratory, pilot scale trials and the treated water quality was assessed presently in use with the respect of process water [3] [4] . The present work has been focused on comparative investigation of elemental status of knit dyeing effluents with fabric dyeing effluents considering its socio-economic importance. Instrumental neutron activation analysis (INAA) is one of the most extensively used methods for environmental studies due to its high sensitivity, precision, versatility and multielemental character. The application of INAA technique ensures the production of quality baseline data as the method is treated a 'referee method' to check the accuracy of other analytical methods worldwide especially for solid sample analysis. The INAA is treated as a referee method due to the simplicity of sample preparation, capability of analysis solid sample (no chemical treatment or decomposition of sample is required like AAS, ICP-MS, etc.) simultaneous multi element determination capability, nearly matrix independent characteristics. However, as NAA involved radioactive decay turnaround time is comparatively higher than other chemical methods for long-lived elements.
Realizing the importance, an attempt has been made to perform the following studies: i) to determine the amount of lead, Cadmium, Zinc and other trace elements in the effluent and sludge sample, and ii) to see the correlation among different elements of effluent and sludge sample.
II. MATERIALS AND METHODS Sample Collection and Preparation
Grameen knit dyeing industry (GKDI) has been selected for effluent and sludge sampling which is located in the Dhaka Export Processing Zone (DEPZ) new with a view to characterize the textile and dyeing effluents and sludge. Two effluent samples and one sludge sample were collected from GKDI of which one inlet (S-01), one outlet (S-02) and one sludge (GS) of the selected industry. Every effluent samples were separated into liquid and residual sample as L-1, R-1 and L-2, R-2 respectively. Effluent samples were collected in 500 ml plastic bottles and sludge sample was collected in plastic bag from those points of industries for the analysis of physicochemical properties (pH, temperature, transparency, EC, TDS, DO, BOD, COD, alkalinity, acidity, hardness, free CO 2 , TSS and TS) and elemental properties (Pb, Cd, Ni, Cu, Fe, Cr, Na, Zn, K, La, As, Co and Sb). Prior to sample collection, all bottles were cleaned with dilute acid followed by distilled water. Before sampling, the bottles were rinsed again three times with the water to be sampled. About 498 ml of water sample from each bottle was transferred to 500 ml plastic bottle which contained 2 ml Alkaline Potassium Iodide solution for the analysis of physic-chemical properties and 2 ml Nitric Acid for the analysis of Heavy metal and other elements. After collection, the bottles containing samples were sealed immediately to avoid exposure to air. The samples were taken from the surface. To provide necessary information for each sample such as date of collection, location, time, etc. were recorded in the note book and each sample collected in a plastic bottle was labeled separately with a unique identification number.
The sludge sample is placed in a Petridis and taken into the oven in a temp. of 70˚C until it is fullydried. Visible fragments were removed from the sludge sample and discarded. The sludge samples were then grinded by an agate mortar to make powder and then it is stored as stock sample. From the stock about 50 mg sample was taken into ultra clean irradiation type polyethylene envelopes and then heat shield. About 200 ml waste water samples, collected from the inlet and outlet of the industries were oven dried at 80˚c to reduce the volume 10 times in order to increase the sensitivity of the analysis. Then the samples were passed through a membrane filter paper of 0.45 μm and air dried. Here the weight of the residue is measured by Eq. (1):
Residue (mg) = wt. of filter with residue -wt. of filter without residue (1) The filter paper with residue is assumed as a residual sample. The sample is also weighed and sealed. The remaining water in the bucknor funnel is then spiked on many folds of whatmann filter paper (No.102, 10 pcs, 12 12mm) using a micropipette and allowed to dry in the oven at 80˚C. Two water samples and two residual samples were prepared for each of the inlet and outlet sample to determine short (such as Na, K, La, As) and long lived elements (such as Co, Sb, Fe, Zn, Cr). One blank sample and three solid certified reference materials (CRMs) e.g., IAEA-Soil-7, NIST-1633b (Coal Fly Ash) and IAEA-SL-1were prepared similarly for each irradiation scheme. The nuclear data table of the interested elements is shown in Table 1 . The samples and the reference materials were weighted by a microbalance. Polyethylene encapsulation was performed for each water sample, blanks and relevant CRMs. Double encapsulation was performed during irradiation in Lazy Susan or dry central thimble to avoid contamination.
Instruments and Instrumental Technique
In this research different types of instruments were used for the analysis of physic-chemical parameters such as thermometer, DO bottles, Color comparator, secchidisk, DO meter (Model: 5509), digital P H meter (Model: AD 1000), TDS meter (Model: HM Digital), EC meter (Model: HANNA instruments), marker, calculator, laboratory apparatus, chemicals and plastic bottles. BOD and COD were measured by using Winkler's ideometric method. The Total hardness, alkalinity and acidity were measured following the APHA-AWWA-WEF, 2005 method [5] . Atomic absorption Spectrophotometer (A.A.S. SHIMADJU, JAPAN) used for the experiment of Pb, Cd, Ni and Cu. Neutron Activation Analysis (NAA) method used for the determination of Na, K, La, Co, Sb, Fe, As, Cr, and Zn. [10] .
Element
Target Isotope Nuclear Reaction Half-life (T ½ ) Gamma ray energy with intensity (KeV) (%) 
Irradiation of Samples
The samples and standards were put in an irradiation vial and made ready for irradiation. In order to measure the flux gradient within the irradiation container three IRMM Al-0.1% Au foils were placed at the bottom, top and middle positions of the irradiation vial. The samples and standards were simultaneously irradiated using 1MW neutron beam research reactor TRIGA MARK II having neutron flux ~ 1.52 × 10 13 n.cm -2 . Sec -1 , in Dried central thimble (DCT) channel for 30 minutes at the Bangladesh Institute of Nuclear Science and Technology (INST) under the Atomic Energy Research Establishment (AERE) of Bangladesh Atomic Energy Commission (BAEC). The irradiated samples and standards were measured using two HPGe detectors with two decay intervals depending on the halflive of the interested elements.
The first counting was performed using the HPGe detector (CANBERRA, 25% relative efficiency, 1.8 keV resolution at 1332 keV of 60 Co) coupled with the digital gamma spectrometry system DSPEC JR TM (ORTEC) and Maestro-32 acquisition software. The 2 nd one was performed using the HPGe detector (CANBERRA, 40% relative efficiency, 1.8 keV resolution at 1332 keV of 60 Co) coupled with the digital gamma spectrometer DSA 1000 (CANBERRA) and Genie 2000 acquisition software.
The gamma spectrum of a sludge sample is shown in 
Data acquisition and analysis
The γ-spectra acquisition for all of the irradiated samples was performed by the High Purity Germanium (HPGe) detector. In case of every irradiated samples, two independent measurement were performed by allowing various different nuclides: (1) after the decay time of 2-3 days, with a measuring time of 1.5 h for the determination of As, Na, La and K; (2) after a decay time of 3 weeksfor the determination of Sb, Zn, Fe, Co and Cr with a measuring time of 2 h. The measurements were carried out at the DCT of the detector. Binary mode was used to collect the γ-spectra which are changed into the standard ASCII mode. According to the method of Debertin and Schotzig, 1979, the summing correction for the cascading γ-rays was fulfilled; and different literatures (Frauenfelder and Steffen 1968; Morinaga and Yamazaki 1976) were used to calculate the angular correlations between cascading γ-rays [6] [7] [8] . By knowing the standard γ-point source's efficiencies the detection limits for the determined elements are given in Table 2 .
Concentration Calculation
In the Calculation method the relative standardization approach is applied for the elemental concentration in the investigated sample using the following Eq. (2) [9] :
Hypermet PC Version 5.1 software was used in performing the gamma peak analysis for irradiated samples and standards which was checked manually. Comparative standardization approach was used in the determination of interested element concentration [10] [11] [12] . Quality control was performed by determining elemental concentration levels in the certified reference materials NIST-1633b (Coal Fly Ash) and IAEA-SL-1 compared to IAEA-Soil7 and compared the measured values of elements with the certified ones as shown in Table 2 . This ensures the reliability of analysis. 
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III. RESULTS AND DISCUSSION Physicochemical Parameters
In this study we determined eighteen physicochemical parameters in the effluents. Among the physicochemical parameters, at first the color and odor of two effluent samples were observed. In the inlet of GKDI (S-01) the observed color and odor ware bluish and pungent respectively. But in outlet (S-02) the observed color and odor were colorless and odorless which obey the standard of ECR (1997) ( Table 3 ) [13] . The temperature and transparency at of the sampling points recorded from 31℃ to 39℃ and 1 cm to 7.1 cm. respectively where the temperature range is within the acceptable limit [13] . The hot water mixed with the other water bodies which lead to rise temperature of the water body. For this reason the DO content of the water will decrease which negatively affects the aquatic life [14] . These effluents should be passed through a cooling system. The water was turbid due to silt. The transparency of Mini sursagar water was found 90 cm [15] . The pH values of two sampling points (S-01 and S-02) recorded 10.5 and 7.4 respectively. The pH value of inlet effluent sample (S-01) is higher than the acceptable limit (ECR, 1997). But the outlet sample's (S-02) pH value is within the acceptable limit (ECR, 1997) because the ETP control the pH value by neutralization reaction. The pH value 9 to 11 does not permit fishes to grow slowly or reproduce [16] . The EC values recorded at two sampling points ranged from 1140 to 3280 µS/cm ( Table 3 ). The highest EC value 3280 µS/cm was found at the Inlet of GKDI (S-01) is greater than the standard values (ECR, 1997) and the lowest at the outlet of GKDL (S-02). EC value represents that the water is not suitable for certain species of fish or microinvertebrates. TDS values at two sampling points were ranged from 1810 to 5220 ppm ( Table 3 ). The highest TDS value 5220 ppm was observed at the inlet of GKDL (S-01) mostly exceeded the standard level (ECR, 1997).
Water with dissolved solids about 1000 ppm may contains minerals that give it a distinctive taste or make it unsuitable for consumption. A TDS value of about 400 ppm is permissible for fish production [17] . So, we can also say that the water is unsuitable for drinking, washing and domestic uses and purposes. From the investigation, it was found that values of DO at different two points ranged from 2.2 to 4.3 ppm. The lowest DO was found at the inlet (S-01) of GKDI. The DO value in inlet sample was below the acceptable limit (ECR 1997). The effluents of the textile dyes are chemical enriched. For this reason it reduced the DO of the water body. DO levels below 1 ppm will not support fish; below 2 ppm may lead to the death of most fishes. DO content should be above 6.0 ppm for drinking water and more than 5.0 ppm is suggested for fisheries, recreation and irrigation (ECR, 1997). BOD values of two sampling points recorded from 120 to 225 ppm ( Table 3 ). The BOD value of outlet was lower as 120 ppm. The GKDL wants to control the BOD values and they reduced the BOD from 225 to 120 ppm. Unpolluted waters may have BOD values of 2 ppm or less [18] . COD values of two sampling points recorded from 270 to 430 ppm ( Table  3 ). The highest value of COD was found 430 ppm in the inlet of GKDL (S-01) . Because here different shifted effluents were accumulated, that is reach of different types of chemicals. In the outlet the value of COD was within the standard values. But the highest COD value in the inlet (S-01) exceeded the standard value (Table 3 ).
In these sampling points the values of Alkalinity were ranged from 504 to 644 mg/L. The highest value of Alkalinity (644mg/L) was found in the inlet (S-01). All values exceeded the standard level which will be so much harmful if it is discharged to a river or canal. Carbonate alkalinity of sewage water was recorded to be highest 0.03 mg/L and minimum 0.01 mg/L. While bicarbonate alkalinity was foundat 35.60 mg/L and minimum level found at 20.15 mg/L. In General, carbonate alkalinity inversely related with bicarbonate. Here bicarbonate alkalinity is the major cause of alkalinity [15] . The total hardness values ranged from 472 mg/L to 940 mg/L. The highest total hardness was found in inlet of GKDI (S-01) and the S-01 sample having total hardness values exceeding the standard values (Table  3 ) [19] . Hardness of water is caused due the existence of sulfate, chloride, bicarbonate, carbonate etc. [20] .
The value of free CO 2 ranged from 352 to 616 mg/L. The highest and lowest value was found in the inlet and outlet of GKDI. Carbon dioxide is produced from the organic carbon degradation process in aquatic ecosystem environment [21] [22] [23] . The total suspended solid (TSS) is measured where the values ranged from 2.08 to 40.2. Here the highest TSS values found in the inlet (S-01) sample. It may be caused due to processing of knit and huge amount of suspended part of knit is washed away with the effluents. Higher TSS represents the higher pollution in water. Total acidity was measured from 42 to 67mg/L where the highest value was found in the Inlet (S-01) sample (Table 3) .
Trace Element and Heavy Metal Concentration
In this study we determined thirteen trace element and heavy metal concentrations in the textile wastes. The concentration of antimony at different sampling points was measured which ranging from 6.3 to 119.4 mg/L. The highest and lowest concentration was found in outlet liquid (L-2) and Inlet residue (R-1) of GKDI. In the sludge (S) the concentration was found 50.2 mg/L ( Table 4 ). The concentration of antimony in every sample exceeded the standard level (0.15 mg/L) ( Table 4) (Fig 1) . The concentration of lanthanum was measured in the samples of GKDI where the highest lanthanum was found in sludge (S) and lowest concentration in inlet residue (R-1). But in other sample like inlet liquid (L-1), outlet liquid (L-2) and outlet residue (R-2) the concentration was less than 0.142 mg/L (Table 4) (Fig 1) . The concentration of potassium was determined in different samples of GKDI where the values ranged from less than 0.018to 0.7 wt%. Here the highest value was found in sludge sample (S) and in other samples the concentration was found less than 0.018 wt% (Table 4) (Fig 2) . Potassium applied to soil by waste water can be taken up by plants immediately [24] . The concentration of cobalt was determined in the samples of GKDI. Where the values ranged from less than 0.264 to 51.8 mg/L and the highest value was found in sludge samples (S) (Fig 2) which exceeded the standard level (0.05 mg/L). Other samples (L-1, L-2, R1and R-2) having the concentration less than 0.264 mg/L (Table 4) . In addition we measured Zinc concentration in the samples of GKDI where the values ranged from less than 0.003 to 0.37 wt%. Here the highest value was found in inlet liquid (L-1) and the lowest value was found in outlet liquid (L-2) (Fig  2) but these concentration exceeded the standard level (0.0005%). The industries control the concentration of Zn in the outlet effectively ( Table 4 ).The Cr concentration was determined in the samples of GKDI where the values ranged from less than 13.050 to 204.96 mg/L. Here the highest value was found in the sludge sample (S) and 54.24 mg/L was found in inlet residue (R-1). Other samples having concentration less than 13.050 mg/L (Fig 2) but the concentration of Cr in each sample exceeded the standard level (1.0 mg/L) ( Table 4) . A researcher stated a method for chrome recovery using soda-ash for Cr(OH) 3 precipitation. By using the method we can reduce the Cr concentration from the effluent in ETP [25] .
Moreover the concentration of Fe was also measured in GKDI where the values ranged from less than 0.029 to 16.92 wt%. Here the highest value was found in Sludge Sample (S) and 2.06 wt% found in outlet liquid (L-2). Whereas other samples (L-1, R-1, R-2) having the Fe concentration less than 0.029 wt% (Table 4) (Fig 3) . Here every value exceeded the standard level (0.0002%) ( Table 2) . Arsenic was measured in the samples of GKDI. Here the highest As (3.95 mg/L) was found in the sludge samples (S). Other samples having the concentration less than 0.196 mg/L (Table 2) (Fig 3) . The As concentration in each sample exceeded the acceptable limit (0.05 mg/L) ( Table 4) . Sodium concentration was determined in the GKDI samples where the highest value (171.65 wt%) was found in the outlet liquid (L-2) and the lowest concentration (4.05 wt%) was found in Inlet residue (R-1). Inlet liquid (L-1) also having the Na concentration 32.30 wt% (Fig 3) . The Na concentration in outlet sample exceeded the standard level (60%) ( Table 4 ). Various types of inorganic chemicals like sodium silicate, caustic soda, soda ash, sodium hypochlorite etc. are used in the textile industries in different operations like kiering, bleaching, washing, mercerizing etc. [26] . After neutralization reaction in the neutralization chamber those chemicals will turn into salts. That is why there is a possibility to occur the salinization of soil and alkalization of soil after mixing the effluents when it will be discharged into the surrounding area soil. Glycophytes and other types of plants cannot grow well and different seed cannot germinate on strongly alkaline soil [14] . Alkalization of soil is dominated by Na which one is a great concern like other heavy metal.
Lead (Pb) concentration was also determined where the highest value (0.124 ppm) was found in the sludge. This value is within the permissible limit. The Cd concentration in the sludge (0.098 ppm) was comparatively higher than the other sampling points. But all the concentrations exceeded the standard level. Furthermore we determined the concentration of Cu and Ni. The highest Cu and Ni value was found in the sludge. All the Cu and Ni concentration was within the acceptable limit. Eventually we see that here about every elemental concentration is comparatively higher in the sludge. Because sludge is the outcome of the sedimentation from the effluent. So here each of the elements may have higher amount of elemental concentration (Table 4) .
Correlation Among The Elements
The degree of relationship between value of Sb and La of the waste samples depicted that the value of Sb is decreasing with the increasing of La value. It is a negative relationship where the regression coefficient is r = 0.105 and the regression equation is y = -2.897x + 58.50 (Table 5 ). There is also a negative relationship between Sb and Na where the r = 0.011 and the regression equation is y = -2.897x + 58.50 (Fig 4) . 13 . It is found from this correlation that any Cr rich sample may also contaminated with Na and have high content of salt (Fig 4) . Pearson's correlation shows relation among the parameters of textile wastes. We did not find any values for some parameters. For those elements we used the detection limit as a value to easily see the correlation among those elements. Here we can see there is strong positive correlation between 'K' with (Co, Cr, Fe and As); 'Co' with (Cr, Fe and As) and 'Cr' with (Fe and As); 'As' with Fe at 1% significant level respectively. Here only one positive correlation found between 'Sb' with Na at 5% significant level. We found from this study that there are some negative correlations among parameters, those are not significant (Table 5) .
Moreover there is also a correlation found between Na and Fe and it is a positive relationship. Here the r = 0.68 and the regression equation y = 3.178x -5.738. It denotes that any sample having Fe also may have Na content (Table 5) . We found also a negative relation between Na and Zn. Here the r = 0.445 and the regression equation is y = -19.75x + 107.5. From this relation it is depicted that increasing Zn concentration, Na concentration decrease. It denotes that any Zn rich sample may have less concentration of Na (Fig 5) . There is also a positive correlation found between Na and As where r = 0.707. Eventually from this correlation it is assumed that if any sample has Na it can also contain As concentration (Table 5 ). Furthermore we see the value of Co is increasing with the increasing of As and there was a strong positive relationship between them where the r = 0.707 and the regression equation is y = 10.36x -20.72. From this correlation it is assumed that any As rich sample may also have high content of Co (Fig 5) . This Correlation may applicable for the textile effluent and sludge. For other types of sample it may vary which will depend upon the ingredients used in the production process. Na has a positive correlation with Cr because Sodium Chromate Na 2 CrO 4 is a dyeing auxiliary in the textile industry [27] . For this reason we can say that Na and Cr both have a positive correlation. Na has a positive correlation with As because Sodium Arsenate (NaAsO 2 ) is used as both dyeing agent and drying agent in the textile industry [28] [29] .
Na has a positive relation with Fe because Sodium Ferrocyanide Na 4 [Fe(CN) 6 ] is a chemical additive known as E 535 in the EU. It is added to road and food grade salt as an anticaking agent [30] . When combined with iron, it converts to a deep blue pigment called Prussian blue [31] . It is used for bleaching, toning, and fixing. Without these reason we can say that Na rich compounds are widely used in the textile dyeing industry as sodium Hypochlorate, or Soda Ash etc. The Fe concentration is found at a high rate in the ground water in the northern part of Bangladesh [32] . The textile industry uses a large amount of ground water. That is why there is a possibility to get a high rate of Na as well as Fe. From all of these correlations eventually it is seemed that Na has a positive correlation with As, Fe and Cr. So we can apply The Higgins Loop ion exchange system using DOWEX G-26 resin to reduce the Na concentration by which the possibility of remaining of As, Fe and Cr will decrease [33] . Because As and Cr both have many detrimental effects on the environment [34] .
IV. CONCLUSION AND RECOMMENDATION
From this study it is clear that GKDI has effluent treatment opportunity but the level of effluent treatment is not adequate. It is also found that the sludge having a large level of heavy metal content which is damped to the surrounding area is very dangerous for the environment and human being as well. We observed the NAA method is most applicable method for these kinds of elemental tests where the uncertainty can be measured and quality control is ensured. From all of these correlations eventually it is seemed that Na has a positive correlation with As, Fe and Cr. In addition our result of this study suggest that the Higgins Loop ion exchange system using DOWEX G-26 resin is needed to reduce the Na concentration by which the possibility of remaining of As, Fe and Cr will decrease; reverse osmosis and charcoal method can be applied to decolorize the discharged effluents; soda ash method can be used to reduce Cr concentration; the sludge should be treated in advanced scientific method before dumping; and proper monitoring by the environmental auditors should be developed.
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